Chemotaxis assay. Chemotaxis under agarose was determined as previously described (34) . Briefly, agarose medium consisting of 1.2% agarose and 0.25% gelatin in RPMI was prepared. The agarose medium was added to specially constructed chemotaxis chambers with a gelatin-coated microscope slide at the bottom of each chamber. After the agarose was gelled, six series of three wells were cut in each gel. Immediately after priming of PMN with cGH (100 to 800 g/liter), a 10-l cell suspension with approximately 5 ϫ 10 5 cells was added to the middle well in each series. To one of the outer wells 10 l of RPMI was added as a control, and to the opposite outer well, the chemotactic factor (10 l of 50 M IL-8) was added. The chambers were immediately sealed and incubated at 37°C for 135 min. Incubation was terminated by flooding the agarose with methanol overnight followed by formaldehyde for 1 h. The hardened agarose gel was gently removed, and cells were then stained with 20% Giemsa. The chemotactic migration of PMN was measured as the linear distance that PMN had moved from the margin of the well containing cells toward the chemoattractant well. The spontaneous migration was measured as the corresponding linear distance toward the control well. Experiments were performed in triplicate in two different chambers.
Chemotaxis in Boyden chambers was studied in a 48-well chemotaxis chamber (Neuroprobe, Bethesda, Md.) using 10-m-thick, 3-m-pore-size polyvinylpyrrolidone-free polycarbonate filters (Nuclepore, Pleasanton, Calif.) as previously described (48) . Cells were primed with 400 g of cGH per liter. Immediately after this, a 50-l cell suspension (2 ϫ 10 6 cells/ml) and 26 l of IL-8 (10 nM) (49) were added to the cell and chemoattractant compartment, respectively. The chambers were incubated for 45 min at 37°C. Following this, filters were fixed and stained with Coomassie brilliant blue, and migration was estimated by the lower surface counting (LSC) technique (48) using a 100ϫ objective. The results were expressed as chemotactic differentials, i.e., migration in the presence minus migration in the absence of chemoattractant. All experiments were performed in duplicate.
Canine PMN adhesion in albumin-coated microtiter plates. Adherence was first investigated using a fluorometric microtiter plate cellular adhesion assay as previously described (33) . Briefly, cells were labeled at a concentration of 5 ϫ 10 6 cells/ml with the fluorescent indicator calcein AM (5 M; Molecular Probes, Eugene, Oreg.) for 30 min at 37°C and subsequently washed twice in RPMI. The labeling procedure was followed by incubating the PMN with cGH (10 to 800 g/liter) as described above. The assay was performed in 96-well microtiter plates coated with albumin (BSA). A 100-l cell suspension was added to each well, and assays with stimulated as well as unstimulated cells were conducted. PMN were stimulated with phorbol myristate acetate (PMA; Sigma Chemical Co.; final concentration, 100 nM) immediately before the addition of PMN to the wells. Microtiter plates were incubated for 30 min at 37°C, and then the relative fluorescence was measured (excitation, 485 nm, and emission, 538 nm; Fluoroskan Ascent; Labsystems, Helsinki, Finland). The microtiter plates were washed four times, and the fluorescence was measured again. The percentage of adherent PMN was calculated: [(relative fluorescence after washing procedure/relative fluorescence before washing procedure) ϫ 100]. All measurements were performed in triplicate.
Canine PMN adherence to canine pulmonary fibroblasts. Healthy mongrel dogs (either sex) were euthanatized with intravenously administered sodium pentobarbital (30 mg/kg of body weight). Peripheral lung tissue was removed aseptically, and lung fibroblasts were isolated and cultured as previously described (4). Briefly, peripheral lung tissue was cut into slices (4 mm thick) and the pleural mesothelium was removed by dissection. The lung slices were cut into pieces and seeded into plastic tissue culture dishes (100-mm diameter; Corning, Corning, N.Y.) containing M199 medium supplemented with 10% heat-inactivated fetal calf serum (Life Technologies), 2 mM glutamine, and antibiotics (100 U of penicillin per ml, 100 g of streptomycin per ml, 2.5 g of amphotericin B per ml, and 10 g of gentamicin per ml). The lung explants were removed after 10 days of culture in 5% CO 2 at 37°C. Fibroblasts that grew out of the lung explants were grown to confluence and serially passaged by nonenzymatic harvest in Hanks balanced salt solution (HBSS) (Life Technologies) containing 1% BSA and 5 mM EDTA. Fibroblasts passaged two or three times were used, and coverslips covered with canine lung fibroblasts were inserted in adhesion chambers (4, 40) . Briefly, prior to the assay, the coverslips were rapidly dipped in three changes of Dulbecco's phosphate-buffered saline plus glucose (DPBS; Life Technologies), placed in the adhesion chamber, and covered with a plain glass coverslip that was separated from the lower coverslip by a rubber O-ring. Immediately after priming of PMN (400 g/liter), the suspension with PMN (10 6 cells/ ml) was injected into the closed compartment. Experiments were conducted at 37°C on a Nikon Diaphot inverted microscope equipped with phase-contrast optics. During an initial 500-s observation period, the number of PMN that settled and came into contact with the fibroblast monolayer was observed (five fields, 40ϫ objective) and the number of PMN per field was recorded. The adhesion chamber was then inverted for an additional 500 s, nonadherent PMN fell away from the fibroblast monolayer, and the remaining adherent number of PMN per field was determined. The percentage of adherent PMN was calculated as [(adherent number of PMN/contact number of PMN) ϫ 100]. Experiments with PMN stimulated with 200 nM platelet-activating factor (PAF) (L-␣-phosphatidylcholine-␤-acetyl-␥-O-hexadecyl; Sigma Chemical Co.) (4) as well as unstimulated PMN were performed, all in duplicate.
Canine PMN transmigration and interaction with canine endothelial cells. Jugular veins were aseptically removed from euthanatized healthy mongrel dogs, and endothelial cells were isolated and cultured as previously described (15) . Briefly, jugular veins were everted on wood rods and treated with collagenase (type III; 50 U/ml; Worthington Biochemical Corp., Freehold, N.J.) for 10 min at 37°C. After this, veins were gently scraped to free the endothelial cells, which were then centrifuged and dispersed in Corning T75 tissue culture flasks containing Dulbecco modified Eagle medium (Life Technologies) supplemented with 4% fetal calf serum, 4% bovine calf serum, and antibiotics. After 2 to 4 days, small patches of cells exhibiting cobblestone morphology were collected by gentle scraping, transferred to gelatin-coated T75 flasks, and grown to confluence. Only preparations of cells where representative uniform layers exhibited endothelial morphology were used. Cells passaged between one and four times were used. Coverslips with attached endothelial monolayers were inserted in adhesion chambers. The PMN were primed with cGH (400 g/liter) immediately before they were allowed to interact with the endothelial monolayer for a 500-s observation period. The contact number of PMN that settled and came into contact with the endothelial monolayer was observed (five fields, 40ϫ objective), and the number of PMN per field was recorded. The adhesion chamber was then inverted for an additional 500 s, nonadherent PMN fell away from the endothelial monolayer, and the remaining transmigrated and adherent PMN per field were determined. PMN that transmigrated across the endothelial monolayer appeared as markedly flattened and phase dark, whereas adherent PMN on top of the endothelial monolayer appeared refractile with a surrounding halo (40) In experiments with stimulated endothelial cells, monolayers were exposed to 10 ng of lipopolysaccharide (LPS) (Escherichia coli; Sigma Chemical Co.) per ml for 4 h at 37°C and rinsed by dipping in two changes of DPBS before being inserted into the adhesion chambers. All experiments were performed in duplicate.
Adhesion molecule expression. The priming effect of cGH on the surface expression of the adhesion molecule CD11b/CD18 in response to IL-8 was determined by indirect immunofluorescence (9) . Following the priming procedure (400 or 800 g of cGH per liter for 30 min at 37°C), PMN (10 6 cells/ml) were stimulated with IL-8 (0.1 to 10 nM) in duplicate for 7 min at 37°C. After this, cells were washed once and subsequently incubated with a primary antiCD11b/CD18 antibody (MY904; 20 g/ml), a clone from the American Type Culture Collection (Manassas, Va.), for 20 min at room temperature. The samples were washed twice in DPBS and were then incubated with a 1:30 dilution of fluorescein-conjugated goat anti-mouse F(abЈ) 2 (Zymed Laboratories, Inc., South San Francisco, Calif.) for 15 min at room temperature. Nonspecific fluorescence was assessed by replacing the primary antibody with a nonbinding murine isotype-matched control antibody. The samples were then washed once in DPBS and resuspended in 1% paraformaldehyde. Samples were immediately analyzed in duplicate on a Becton Dickinson FACScan (Mountain View, Calif.) cell sorter. PMN in suspension were gated based upon their light scatter characteristics, and fluorescence intensity was measured and interpreted as the surface expression of CD11b/CD18.
Respiratory burst. The respiratory burst was investigated by the nitroblue tetrazolium (NBT) reduction assay, which is based on the intracellular reduction of NBT to formazan by O 2 Ϫ . A semiautomated densitometric method for the measurement of NBT was used as previously described (35) with modifications. Briefly, cells were resuspended in HBSS and primed for 30 min at 37°C with cGH (400 g/liter) prior to the assay. A 100-l cell suspension (10 6 cells/ml) was added to each well of albumin-coated 96-well microtiter plates (33) . Following this, 100 l of NBT (Sigma Chemical Co.; final concentration, 0.5 mg/ml) was added with HBSS, opsonized zymosan (OPZ; final concentration, ϳ10 7 opsonized particles/ml [29] ), or PMA (final concentration, 100 nM). One row of eight wells served as reference, and in these wells the cells were preincubated with 10 mM iodoacetamide in HBSS for 10 min at 37°C. The amount of formazan accumulating in PMN after 60 min of incubation at 37°C was quantified in an enzyme-linked immunosorbent assay reader at 550 nm (Labsystems Multiskan RC) and interpreted as the intracellularly produced O 2 Ϫ . Each experiment was performed in quadruplicate, and results were expressed as optical densities.
Statistical analysis. Paired t test or Wilcoxon signed rank test was used for comparison of paired samples. P values below 0.05 were considered to indicate statistical significance.
RESULTS
We wished to identify and investigate the priming effect of cGH on canine PMN function in vitro. In human PMN, the priming effect has been shown to be evident after 15 min of preincubation with human GH with respect to O 2 Ϫ production (43, 52) . In our preliminary studies, we found that 30 min of preincubation with cGH was sufficient for detecting a priming VOL. 7, 2000 PRIMING EFFECT BY cGH ON CANINE PMN FUNCTION 227 effect on PMN function, i.e., chemotaxis under agarose and adhesion in albumin-coated microtiter plates. We primed the PMN with concentrations of cGH ranging from 10 to 800 g/liter, which is within the pathophysiological range of the levels in serum observed in canine acromegaly (14) . In our first series of experiments, we looked at shape change, which is a locomotor process absolutely independent of adhesion (55) . Compared to controls (0 g of cGH per liter), the priming effect of cGH in response to 10 nM IL-8 was statistically significant at concentrations of 200 g/liter and above, whereas the shape change was unaffected with cGH alone (Fig.  1) .
The cGH significantly reduced the chemotactic migration using cGH at Ն100 g/liter (Fig. 2) (P Ͻ 0.05; Wilcoxon signed rank test) toward IL-8 in the under-agarose method. No influence of the cGH on the spontaneous migration was observed (data not shown; P Ͼ 0.05; Wilcoxon signed rank test). When we investigated the chemotactic migration in Boyden chambers (using 400 g of cGH per liter), there was an increased chemotactic migration as assessed by the LSC method (48) (Fig. 3) (P Ͻ 0.05; paired t test).
By investigating the priming effect of cGH on the adhesive capability of canine PMN, we found that cGH significantly enhanced the PMA-stimulated adhesion in albumin-coated microtiter plates at 100 g/liter and above (Fig. 4) . cGH alone did not stimulate adhesion significantly (Fig. 4) (P Ͼ 0.05; paired t test). In order to focus more precisely on the priming effect of cGH on adhesion, we decided to select 400 g of cGH per liter as a concentration for which such priming could be readily observed with shape change, chemotaxis, and adhesion in albumin-coated microtiter plates. First, we investigated the adherence of PMN stimulated with PAF to a monolayer of canine pulmonary fibroblasts. Priming resulted in a significantly enhanced adhesion of 19% to the fibroblast monolayer compared to control (Fig. 5 ) (P Ͻ 0.01; paired t test), whereas there was no effect on the unstimulated adhesion (Fig. 5 ) (P Ͼ 0.05; paired t test). Second, we studied the interaction of PMN with monolayers of endothelial cells. No transmigration of PMN across unstimulated endothelial monolayers occurred, and only a low percentage of adherence was observed (Fig. 6A ). There was no significant effect of cGH on the adherence to unstimulated endothelial cells (Fig. 6A ) (P Ͼ 0.05; paired t test). There was a significant increase (28%) in the percentage of total PMN interacting with the LPS-stimulated endothelial monolayer (Fig. 6B ) (P Ͻ 0.05; paired t test). The percentage of transmigration based on the contact number of PMN was enhanced by cGH ( Fig. 6C ) (P Ͻ 0.01; paired t test) (45%). Based on the total number of interacting PMN, there was no significant difference in the percentage of transmigration between primed PMN and controls (Fig. 6D ) (P Ͼ 0.05; paired t test).
The adhesive process investigated above is largely dependent on the ␤ 2 integrins (4, 8, 40) , and to further investigate the role of the ␤ 2 integrins, we measured the ␤ 2 integrin CD11b/ CD18. As shown in Table 1 , the priming resulted in a significantly enhanced CD11b/CD18 expression using cGH at 400 and 800 g/liter alone (P Ͻ 0.05; paired t test). Priming with 400 g/liter significantly increased the expression of CD11b/ CD18 in response to 10 nM IL-8 (P Ͻ 0.05; paired t test), whereas priming with 800 g/liter increased the expression at all concentrations of IL-8 applied (Table 1 ) (P Ͻ 0.05; paired t test).
The respiratory burst has often been characterized when a priming effect has been investigated (7). Intracellular O 2 Ϫ was determined by the NBT assay by measuring the optical density (35) . The optical density reached maximum after 60 min of incubation with both OPZ and PMA (data not shown). There was a significant increase in the O 2 Ϫ production of PMN primed with cGH using OPZ (P Ͻ 0.01; paired t test) and PMA (P Ͻ 0.01; paired t test) as stimulants (Fig. 7) , whereas there was no influence of cGH on the spontaneous O 2 Ϫ production ( Fig. 7) (P Ͼ 0.05; paired t test).
DISCUSSION
In this study, we found that cGH was capable of priming canine PMN in vitro and thereby potentiating PMN functions. Following priming, the response toward IL-8 was potentiated as determined by the shape change assay, whereas the response toward IL-8 using the under-agarose assay was inhibited. This is explained by the fact that shape change is a locomotor process independent of adhesion whereas chemotaxis under agarose depends on adhesion (55) . It has previously been demonstrated that relatively small changes in cell substratum adhesion strength, through altering integrin expression levels or integrin affinity, can translate into substantial changes in migration speed (32) . Thus, we hypothesized that the decreased chemotaxis under agarose was due to cGH-induced hyperadhesiveness. We confirmed this hypothesis by observing that the adhesion in albumin-coated microtiter plates was significantly enhanced using Ն100 g of cGH per liter. Additionally, the adherence of PAF-stimulated PMN to canine pulmonary fibroblasts was significantly enhanced by using 400 g of cGH per liter. When we studied the interaction of PMN with monolayers of canine jugular venous endothelial cells, we observed that cGH priming increased the percentage of interacting PMN, i.e., adherent and transmigrated cells. Furthermore, there was an increased percentage of transmigrated PMN based on the total number of PMN that were in initial contact with the endothelial monolayer. However, when we calculated the percentage of transmigration based on the number of interacting cells there was no difference. These findings indicate that the increased number of transmigrated PMN is a result of increased adhesion and that the transmigratory process itself is not influenced by cGH.
The increase in CD11b/CD18 expression following cGH priming explains the increase in adhesion observed in our study. PMN adhesion is largely dependent on the leukocyte ␤ 2 integrins (i.e., CD11a/CD18, CD11b/CD18, and CD11c/CD18) when the adherence to fibroblasts (4) and endothelial cells (40, 45) is considered. Also, the adherence to albumin-coated surface is dependent on CD11b/CD18 and CD11c/CD18 (8) . Thus, the increased adhesion following cGH priming may not be attributable solely to an increased expression of CD11b/ CD18 but may also involve the other ␤ 2 integrins (i.e., CD11a/ CD18 and CD11c/CD18). Interestingly, CD11b/CD18 expression was increased when PMN were primed with cGH alone, whereas cGH had no influence on the unstimulated adhesion to the substrates. These observations indicate that cGH priming increases the expression of CD11b/CD18 but does not fully activate the ␤ 2 integrin on resting PMN. Further studies are, however, required to clarify the role of the ␤ 2 integrins in the cGH priming of PMN.
The chemotactic response has previously been characterized in a case of canine acromegaly (24) where an increased chemotactic response compared to that of healthy dogs was reported. We also found that the in vitro priming with cGH increased the chemotactic response using the Boyden chamber assay (LSC method). However, in studies of human PMN chemotaxis in Boyden chambers following GH priming in vitro and in human acromegalic patients, it was demonstrated that the chemotactic responsiveness was reduced (52, 54) , a result also found in the under-agarose assay in this study and in humans (17) . While the study of PMN chemotaxis in canine acromegaly was assessed in a modified Boyden chamber utilizing 10-m-thick polycarbonate filters and quantified by the LSC method (24, 48) , the studies with human PMN were performed with 140-m-thick nitrocellulose filters and quantified by the leading front (LF) method (52, 54) . A conceivable explanation for the divergence in the results obtained with human and canine PMN is that different filter types and procedures (LF and LSC) have been applied in the measurement of the chemotactic response. The polycarbonate filters applied in the LSC method are only ϳ10 m thick, and the only way to score the response is to count cells that have penetrated the filter (48, 55) . PMN must migrate along the upper surface of the filter to reach a pore, and they may or may not stay attached once they reach the lower surface (55); thus, the assay is adhesion dependent, and increased adhesiveness of the PMN results in an increased chemotactic score (55) . By use of 140-m-thick nitrocellulose filters (i.e., LF method), PMN migrate into the filters and do not reach the lower surface of the filters. The chemotactic migration is quantified by measuring the LF of PMN that have migrated into the filter (52, 55, 57) , and it has previously been suggested that hyperadhesiveness induced by priming results in a decreased chemotactic response using this method (52) .
cGH enhanced the intracellular O 2 Ϫ production in response to both PMA and OPZ as determined by reduction of NBT, which correlates with previous results (52) obtained for human PMN using the NBT assay, except that the magnitude by which human GH enhanced the O 2 Ϫ production was higher. However, in the study of human PMN, fMLP (f-Met-Leu-Phe) was applied as a stimulant (52), whereas we used PMA and OPZ for stimulation. The stimulant applied may be important for the detection of a priming effect because different signal transduction mechanisms and receptors are involved when PMA (27, 30) , OPZ (20, 36) , and fMLP (3, 31) are applied. In this study, we did not apply fMLP because canine PMN do not respond to fMLP (46, 48) . CD11b/CD18 acts as counterreceptor for OPZ (i.e., iC3b [20, 36] ) and mediates O 2 Ϫ production (6, 20) , and the enhanced O 2 Ϫ production in response to the OPZ further suggests that the activity of CD11b/CD18 is increased following GH priming. Other investigators (18, 19) have also investigated the O 2 Ϫ produced extracellularly by human PMN following GH priming, and the magnitude by which human GH enhanced the O 2 Ϫ production was far higher than that in our results. The difference in magnitude is presumably due to the fact that these investigators measured the extracellularly produced O 2 Ϫ and also to the fact that the PMN were primed for 3 to 4 h.
The observed potentiation of PMN function, i.e., shape change, adhesion, transendothelial migration, and CD11b/ CD18 expression, suggests that cGH in vivo would promote the recruitment of PMN from the bloodstream toward an inflammatory focus. Furthermore, the change in chemotaxis is believed to retain the PMN at the inflammatory site (47, 53) , and the increase in the generation of reactive oxidative metabolites potentiates PMN microbicidal capacity. Thus, we propose the hypothesis that administration of cGH in vivo may improve canine host defense and be of important biological relevance. This is supported by results obtained in disease models where the role of GH in host defense has been investigated. In murine disease models, GH administration in vivo enhanced host resistance to bacterial infection as a consequence of enhanced function of PMN (21) (22) (23) . Furthermore, it has been documented that GH priming extends to other leukocytes, e.g., macrophages (10, 11) , and in rats deprived of endogenous pituitary GH, administration of GH significantly augmented host resistance to bacterial infection due to an increased bactericidal capacity of macrophages (12, 13) . Thus, GH seems to play an important role in connecting the neuroendocrine and immune systems. Our findings in vitro suggest that the role of cGH in the dog is of corresponding importance; however, FIG. 7 . cGH (400 g/liter) enhances the O 2 Ϫ production of canine PMN when stimulated with PMA (100 nM) or OPZ (ϳ10 7 particles/ml) as determined by the NBT reduction assay ‫,ء(‬ P Ͻ 0.05; ‫,ءء‬ P Ͻ 0.01; paired t test; n ϭ 10). The unstimulated O 2 Ϫ production is not influenced by cGH (P Ͼ 0.05; paired t test; n ϭ 10) (mean values Ϯ standard errors of means). O.D., optical density. further studies are required to evaluate the priming effect in vivo.
In conclusion, cGH was identified as a priming agent of canine PMN in vitro, and cGH significantly altered canine PMN function in a manner resembling that of the priming effect of human GH on human PMN.
